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SYSTEMS AND METHODS OF MANAGING GEOFENCES

Geofencing is a locationbased technology that allows an application (e.g., software
application, hardware application, desktop/server application, mobile application, program, or
resource) to set up a virtual boundary or fence around a realworld geographic location. By
setting up the geofence, the application, a user, or other entity can be notified when a computing
device triggers the geofence (e.g., by entering a geofence, exiting a geofence, or dwelling in the
geofence for a duration). Geofences can also be used for distributing or delivering content (e.g.,
advertisements, online content, content items, websites, online documents, articles, blogs, posts,
images, video, audio, or multimedia content). For example, geofencing can be employed to
distribute location based content or advertisements to users of a mobile computing device.
Operating systems and device manufacturers limit the number of geofences allowed on a
computing device for various reasons, including, e.g., battery consumption.
This paper discusses systems and methods of dynamically prioritizing geofences on a
server such that a device can only receive and setup relevant geofences in accordance with a
maximum geofence limit of the device, application, or operating system. The system can then
maintain those geofences as the device moves around. For example, a system (e.g., one or more
processors executing on a server) receives several geofences. The system dynamically
prioritizes the geofences based on one or more input signals, including, e.g., an advertisement
bid amount made by a content provider or advertiser requesting a geofence around a location,
popularity, mapping accuracy of certain locations, user data or user signals obtained from the
device (e.g., browsing history, network activity, preferences, applications, historical location
information), user data or signals obtained or determined by the server (e.g., user preference
data, user profile information, user interest determined from user browsing history or other
network interactions), information about a location corresponding to the geofence (e.g.,
information about a retail store at the location), etc. The system can also remove geofences that
are rarely triggered based on historical observations from the same device or other devices.
Thus, this technology allows a system to centralize observations from many devices. This
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technology also allows for large scale applications of geofencing despite the small number of
geofences allowed on a device while conserving resources such as battery power.
With reference to Fig. 1 below, the system 1 can include a data processing system 2. The
data processing system 2 can include one or more servers, processors, computing devices, and
memory. The data processing system 2 can include a geofence manager 3 or some other
mechanism that can identify geofences, rank or prioritize the geofences, and select a subset of
geofences to provide for initiation on a computing device. The data processing system 2 can also
include a location engine 4 or some other mechanism that can determine, identify, or receive a
location of a computing device 7an. For example, the location engine 4 can receive or
determine global positioning system coordinates from the client device 7an, determine the
location using WIFI networks, cellular tower triangulation, IP addresses, Bluetooth, RFID, Near
Field Communication techniques, etc. The data processing system 2 can include a database 5
stored in memory, hard disks, a file server, etc. The database 5 or some other mechanism can
include or provide access to stored geofences, performance information associated with the
geofences, content campaigns associated with the geofences, and user data obtained from the
device or otherwise available to data processing system that can facilitate prioritizing or selecting
geofences. The geofence manager 3 and location engine 4 can interface, communicate, or use
the database to manage geofences. The client devices 7an can include, for example, mobile
computing devices, mobile telecommunications devices, smartphones, personal digital assistants,
laptop computers, notebooks, tablet computers, smart watches, or wearable devices. The data
processing system 2 can communicate with client devices 7an via a network 6. The network 6
can include any type of computer network such as the Internet, cellular network, WIFI network,
WiMAX network, or other data network that facilitates communications between the data
processing system 2 and the client devices 7an.
The data processing system 2 can perform the process 10 illustrated by the flow chart in
Fig. 2. In brief overview, the process 10 includes the data processing system (e.g., via a
geofence manager) receiving location and/or user information for a mobile computing device at
step 12. At step 14, data processing system can retrieve, from a database, geofences for the
mobile computing device based on the location and/or user information. At step 16, the data
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processing system can rank the set of geofences based on a signal different from the location
information. The signal can include, e.g., a bid amount, a popularity, a performance metric, click
through rate, conversion rate, mapping accuracy, or a likelihood of interest in a geofence. At
step 18, the data processing system can select a certain number of the geofences based on the
ranking. In some cases, the data processing system can also eliminate or remove geofences that
have a low ranking, possibly due to rarely being selected or poor performance. The number of
geofences that the data processing system selects can be based on a maximum number of
geofences that can be initiated for the computing device. At step 20, the data processing system
can transmit the selected geofences to the computing device so the computing device can initiate
the geofences.
In further detail, the data processing system receives or determines location information
for a mobile computing device at step 12. For example, a location engine of the data processing
system can receive or determine the location of the computing device using one or more
techniques such as global positioning system, WIFI triangulation, IP address, Bluetooth, cellular
tower triangulation. In some cases, a user of the computing device may checkin via a mobile
application, post their location on a profile or social network, or otherwise provide an indication
of their location. The location information can include, e.g., latitude and longitude coordinates,
zip code, city, state, address, point of interest, landmark information, mode of transportation, etc.
In some cases, the data processing system can also obtain user information or user data signals
that may facilitate prioritizing geofences. The user data signals can be obtained or determined
using information received from the device or otherwise available to the data processing system
(e.g., via database 5). The user data signals may include information about the user or device, or
network activity of same, that can facilitate prioritizing geofences. The data processing system
may receive user data to generate, identify, create, or determine a user data signal. The user data
or generated user signal may include or be based on, e.g., network activity (e.g., web browsing
history, selection history, search history), home location, work location, travel information (e.g.,
whether the user is in travel mode), profile information, or demographic information.
At step 14, data processing system can retrieve geofences for the mobile computing
device based on the location and/or user information. For example, the data processing system
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can identify geofences that correspond to the location information, such as the current location of
the computing device, or geofences that match user information such as profile information, user
interests, or demographs. A geofence can refer to a virtual barrier based on a geographic
boundary. These geofences may be defined by an advertiser, application developer,
manufacturer, or some other administrator or user. The geofence can include or be defined based
on coordinates or location boundaries. For example, the geofence can include latitude and
longitude coordinates that define the boarders of the geofence. An administrator may set up the
geofence by providing coordinates that define a line, point, or boundary on a map. For example,
the geofence can be defined by providing geographic coordinates for a geographic location and a
radius, whereby the geofence may correspond to a circle or arc based on the geographic location
and radius. The geofence may also be defined based on or using a point of interest, landmark,
retail store, street intersection, town center, zip code, city/state. In some cases, the geofence can
be defined using a mapping tool or program that facilitates generating a geographic boundary, or
providing coordinates or locations for same. In some cases, geofences can be dynamically
generates, such as a radius around a retail store or point location.
At step 16, the data processing system can prioritize, rank or select the set of geofences
based on a signal. The signal can include, e.g., a bid amount, a popularity, a performance metric,
click through rate, conversion rate, mapping accuracy, or a likelihood of interest in a geofence.
The data processing system can rank or select the geofence using information associated with the
computing device for which the data processing system is selecting geofences for initiation.
In some cases, the geofences are ranked based on a bid amount. The data processing
system can rank or select the geofences based on a bid amount associated with the geofence.
The bid amount can refer to the amount a provider of the geofence (e.g., an advertiser) is willing
to pay to have the geofence selected for initiation on a computing device, which can be
determined from a database, content campaign, or attribute associated with the geofence. One or
more geofences can be associated with a bid amount, which may be by an advertiser, application
developer or provider, retail store, etc. The bid amount can be associated with a content
campaign or advertisement campaign corresponding to the geofence. For example, an
advertisement campaign can include one or more advertisement groups. Each advertisement
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group can include one or more advertisement and advertisement selection criteria, such as bid
amount, keywords, terms, phrases, location, geofence, demographics. The bid amount can be for
a keyword and/or geofence or other criteria. The bid amount can be used in an advertisement
auction to facilitate selecting an advertisement to provide to a computing device responsive to a
request for an advertisement. The bid amount can include or represent a monetary value,
currency, score, points, or multiplier. The bid amount can include a range, or a maximum bid
amount. The data processing system can rank the geofences based on the bid amount. For
example, a first geofence associated with a first bid amount may cause the first geofence to be
ranked higher than a second geofence with a second bid amount that is lower than the first bid
amount.
The data processing system can rank or select the geofences based on historical
performance information. The historical performance information can include information
associated with performance of a content campaign, content items, or advertiser, such as click
through rate, conversion rate, costperclick, bid amounts. The historical performance
information can include information associated with the performance of the geofence, or
related/similar geofences. The historical performance information can include information about
how a user of the computing device historically interacted with geofences, similar geofences, or
content items of an advertiser.
The data processing system can rank geofences based on a mapping accuracy of certain
spots. The mapping accuracy may be determined based on a source of the location information
or the technique used to determine the location information of the computing device. For
example, location information of the computing device determined using global positioning
coordinates from a GPS sensor may be associated with an accuracy. Location information
determined using WIFI triangulation or known WIFI router IP addresses may have a different
accuracy. Further, location information determined using cellular triangulation techniques,
Bluetooth, RFID, or other mechanism may each be associated with an accuracy. Some
techniques may be accurate to within a certain range or distance, such as 500 meters, 250 meters,
100 meters, 50 meters, 10 meters, for example. This level of accuracy can be used to rank
geofences. For example, it may be known that a geofence for a certain location has a low
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mapping accuracy because there are limited mechanisms to determine the location of a
computing device at that location. For example, a first geofence may be for a first retail coffee
shop. The system can determine that the retail coffee shop has a WIFI router, GPS signal access,
cellular tower triangulation. Thus, this geofence may have a high mapping accuracy because
multiple techniques or mechanisms can be used to determine the location of a computing device.
However, a second retail coffee shop may not have a WIFI router, or GPS signal access, but only
cellular tower triangulation. In this example, a second geofence corresponding to the second
retail shop may have a lower mapping accuracy than the first geofence. Thus, the mapping
accuracy may be a factor in ranking the first geofence higher than the second geofence.
The geofences can also be ranked or selected based on popularity. Popularity can refer to
how popular certain locations at or corresponding to the geofence are based on the number of
computing devices that visit that location or are located at that location. Popularity may refer to
often the geofence is selected for initiation on one or more computing devices. Popularity may
also be determined based on a performance metric associated with the geofence. For example, a
performance metric of a geofence can refer to a click through rate or conversion rate (on several
computing devices) for an advertisement or advertisement campaign whose advertisement was
selected for display responsive to the geofence. This popularity can be determined using
historical advertisement performance information or other content performance. Thus, the data
processing system can increase a rank of a geofence if it is more popular, and lower the rank of
the geofence if it is less popular, or otherwise adjust the rank based on popularity.
The geofences can also be ranked or selected based on information about a location
corresponding to the geofence. The information about the location can refer to any information
that can facilitate ranking or selecting a geofence, or can be used to determine relevance of a
geofence. For example, a geofence may correspond to a retail store and the data processing
system may use information about the retail store to rank the geofence. The information can
include, e.g., type of retail store (e.g., boutique, clothing, sports, electronics, franchise, large,
small, department store, specialty store, pharmacy, coffee shop, etc.), popularity of the retail
store (e.g., size, revenue, number of customer visits per a predetermined time interval, popularity
of the location, brand recognition, advertisement revenue), or business days/hours (e.g., is the
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business open or closed at the current time, where a geofence of an open business may be ranked
higher than a geofence of a closed business).
Based on these various signals, the data processing system can rank the geofences. The
data processing system may combine the various signals to generate a rank for a geofence. The
data processing system can use various techniques to combine the signals. In some cases, a
weight can be applied to each signal. For example, popularity of a geofence may have a higher
weight than mapping accuracy because the popularity of a geofence may be a better predictor of
how relevant the geofence is to the computing device. Thus, the popularity of the geofence may
be a bigger factor in the ultimate rank of the geofence. Similarly, the bid amount may play a
higher factor in determining the rank as compared the mapping accuracy. Thus, the bid amount
may be weighted or assigned a weight. The weights for each signal may be predetermined or
dynamically determined based on a machine learning technique, regression technique, or
heuristic technique. In some cases, the data processing system can generate a score for each
geofence based on the signals and/or weights, and then rank the geofences based on the score. In
some cases, a higher rank may refer to a more relevant geofence, while in other cases a lower
rank may refer to a more relevant geofence. In some cases, a higher score may refer to a more
relevant geofence, while in other cases a lower score may refer to a more relevant geofence.
At step 18, the data processing system can select a certain number of the geofences using
or based on the rank of the geofence. The number of geofences that the data processing system
selects can be based on a maximum number of geofences that can be initiated for the computing
device. This may be provided or set by a manufacturer of the computing device, user of the
computing device, operating system, application executing on the computing device,
administrator of the data processing system, etc. The data processing system can select the top
ranking geofences or bottom ranking geofences based on what is more relevant. At step 20, the
data processing system can transmit the selected geofences to the computing device so the
computing device can initiate the geofences. The data processing system can transmit an
indication of the geofence, or information that defines the geofence, to the computing device.
The transmission can occur via a network. The computing device can then initiate the one or
more selected geofences. Upon triggering the initiated one or more geofences, the computing
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device may provide an indication of the triggering to the data processing system, or other
application corresponding to the geofence.
As the computing device moves around, the data processing system can receive a second
location of the computing device, identify a second set of geofences corresponding to the new
location, rank those geofences, and select a subset of those geofences for initiation on the
computing device. Thus, the data processing system can continually, periodically, based on a
time interval, or upon a condition or event update or replace the geofences that are enabled or
initiated on the computing device.
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